Introduction
Treponema pallidum apparently lacks the potent toxins that many other bacteria possess.' 2 Early in infection relatively large numbers of treponemes are present within infected tissue and yet cause minimal tissue damage.' It has been suggested that Tpallidum is rather innocuous and that clinical manifestations are primarily due to host defences such as inflammation and clearance of organisms.3 No specific treponemal toxins have yet been identified.
Wright4 reported that T pallidum attached to tissue culture cells. Fitzgerald et a15 confirmed this preliminary finding using cells from rabbit testes, which significantly extended the in-vitro survival of the treponemes. In further studies6 T pallidum was shown to attach to 19 different cultured cell types and attachment was identical to that in specimens taken from rabbit dermal and testicular infections. Since non-pathogenic treponemes failed to attach to cultured cells, Fitzgerald et a16 7 suggested that attachment indicated a specific pathogenic factor that was an important part of the disease process. Repesh et al' II using high concentrations of T pallidum demonstrated destruction of cultured nerve cells from dorsal root ganglia. Cell damage depended on the attachment of viable treponemes. Heatinactivated organisms failed to attach and affect the morphology of the neuronal cells. Similarly, the cells were not damaged by a preparation containing soluble treponemal, soluble inflammatory, and soluble testicular constituents. This paper expands these observations of treponemal toxic activities to other types of cultured cells.
Materials and methods

TREPONEMA PALLIDUM
The Nichols strain was passaged intratesticularly in Dutch belt rabbits. Animals were maintained at 18°C and given antibiotic-free food and water in unrestricted quantities. Each testis was inoculated wth 1 x 107 to 3 x 107 treponemes. Daily intramuscular injections of cortisone acetate (6 mg/kg) were given. After a satisfactory orchitis had developed in 9-11 days, the rabbits were killed and the testes removed, minced with scissors, and extracted on a rotary shaker at room temperature in tissue culture medium. This medium (MEM) contained Eagle's minimal essential medium supplemented with 4 mmol/l NaHCO3, 30 mmol/l HEPES 2 (N-2-hydroxy-ethylpiperazine-N-2-ethanesulfonic acid), 1 mmol/l dithiothreitol, and 10%o heated normal rabbit serum (at 56°C for 30 minutes). After extraction for 20-25 minutes, the preparation was centrifuged at 1000 x g for 10 minutes to sediment particulate matter. Treponemes were then centrifuged at 17 000 x g for 30 minutes at 4°C. The high-speed supernatant was removed and the pelleted organisms were resuspended at a concentration of 9 X 107 to 2 x 108 organisms/ml in fresh medium.
TISSUE CULTURE CELLS
Normal rabbit testicular cells were cultured and maintained as described.6 HEP-2 cells and cells from human foreskin (kindly provided by Dr Richard J Ziegler, University of Minnesota) were grown on glass coverslips in Sykes-Moore chambers.'2 Except for dithiothreitol, the culture medium was identical to that used for treponemal extraction. Experiments using these three cell types were performed at 10-200% confluency. Ventricular heart tissues were obtained from 17-day-old rat embryos by the methods of Marvin et al. 13 After being rinsed three times with 5 ml of 0-1 mol/l sodium cacodylate buffer containing 7 5%o sucrose, the cultures were post-fixed in 1 %o osmium tetroxide with 0-1 mol/l sodium cacodylate for 30 minutes, washed three times in double distilled water, stained in 2%o uranyl acetate and dehydrated in aqueous grades of alcohol to 100%o. The samples on portions of the glass coverslips or the plastic dishes were critical-point dried using CO2, mounted on aluminium stubs with double-stick tape, and coated with gold-palladium using a Hummer II evaporator.
Observations were made with an AMR 1000 scanning electron microscope (20 kV).
Results
NORMAL RABBIT TESTICULAR CELLS
Normal rabbit testicular cells were incubated in Sykes-Moore chambers with viable treponemes, heatinactivated treponemes, the high-speed supernatant from the infected testes, or MEM. As reported,5 viable treponemes immediately attached to the cultured cells. Within a few minutes 10-20 organisms, and within a few hours over 100 organisms, were attached to each cell. As expected, heat-inactivated treponemes failed to attach.5 After 24 hours, all cells exposed to viable organisms showed morphological changes, which became more pronounced after 48 hours (fig la) . These included excessive vacuolation, loss of nuclear detail, rounded appearance, and detachment from the glass substratum. The treponemes became detached from the damaged cells. In contrast, cultured cells exposed to the three control preparations appeared normal (fig lb) . By scanning electron microscopy cultured cells exposed to the three control preparations showed normal morphology after 48 hours' incubation. In cells exposed to the high-speed supernatant for 48 hours the myotubes were elongated and characteristically grew on top of the background fibroblasts (fig 4) . The myotube surface was smooth with gently rounded contours; the background fibroblasts were apparent beneath this portion of the myotube. In muscle cells exposed to viable treponemes for 24 hours the myotubes showed various stages of degradation resulting in pleomorphism; some were beginning to retract and others had a rounded morphology (fig 5a and b) . After 48 hours the muscle cell (at the right of the micrograph) is apparently retracting and that on the left is almost completely rounded and contains numerous surface projections not present on cells in control preparations. At this magnification treponemes can be seen. Initially, large numbers of actively motile organisms attached along the full length of the myotubes. Morphological damage to the muscle cells resulted in detachment of treponemes.
The treponemes also damaged the background fibroblasts, causing irregular holes ( fig 6) ; numerous attached treponemes are also evident. The underlying substratum can be seen through these damaged areas of the fibroblasts. In the three control preparations, the morphology of the background fibroblasts was unaltered.
One further notable observation was the presence of a few treponemes attached to the cultured muscle cells which were exposed to the high-speed supernatant. These treponemes were either apparently not pelleted during the high-speed centrifugation or inadvertently resuspended during the removal of the supernatant. In fig 7 a portion These studies were performed with cultured cells from rabbit, human, and rat tissues. T pallidum infection of rabbits mimics infection of man. In contrast, infection of rats produces minimal tissue response and asymptomatic infection.2 Although overt clinical lesions usually do not occur, and treponemes are difficult to visualise in the tissues, their presentce can be demonstrated by transfer of rat tissue to rabbits with the subsequent development of lesions. The interaction of Tpallidum with cultured cells from rabbit and human tissue is comparable to that for other cells derived from rat, mouse, dog, monkey, and pig.8 Similar numbers of organisms attached, and attachment extended survival. Thus, the basis for minimal treponemal infection of these animals is probably not associated with innate differences in tissues. More likely, the lack of symptomatic infection indicates innate differences in serum factors or in enhanced host humoral or cellular immune responses. Thus, insights into the pathogenesis of T pallidum should result from studies of cultured cells derived from different species of animals. 
